Due to the impracticality of the Global Navigation Satellite Systems (GNSS) in the indoor locations, Wireless Network based Systems (WNS) are widely used for the indoor location estimation techniques. Compared to various other localization methods, the Received Signal Strength Indicator (RSSI) based techniques are highly appreciated because of their minimal complexity. Thus based on these, a generic application has been developed to track the location of any person in any area, with adequate Access Points (AP's), by comparing the Received Signal Strength (RSS) at his/her position with the already stored set of RSS from the dataset. To find out the best possible match from a group of possible locations in the dataset, the Root Mean Square Error (RMSE) method has been used, which has less complexity and more accuracy over its alternative methods. The unique features of this application includes the dynamic database which can be conveniently updated whenever needed, live input of any indoor location map through camera and immediate creation of a new dataset, allowing the application to be used by any person in any area.
Background
All the current Location Based methods are either Global Navigation Satellite System (GNSS) or Wireless Network Based (WNS). The Global Positioning System (GPS) can offer an accuracy of a few meters. Although the accuracy can be improved, the major disadvantage is its impracticality in enclosed environments, because it requires an unobstructed line of sight between the device and combination satellites.
Access Points (AP's) in a Wi-Fi network can be used to calculate the position of a Mobile Device (MD). Systems using Wi-Fi signals have achieved great significance as they provide the flexibility of calculating the position of a mobile using an already-existing infrastructure, implying no installation of hardware is required on the Mobile devices.
By measuring the Received Signal Strength (RSS) from various AP's at a given location, the exact location of a person inside huge premises like university campus or shopping mall can be estimated. Broadly, there are two basic ways of utilising the Signal Strengths (SS) for position estimation algorithms. The first way implies the conversion of the RSS measurements into distance measurements, which are then fed as input for the location estimation algorithms. This approach can be termed as distance-based approach. For instance, in (Kotanen et al. 2003) , first 802.11 Received Signal Strength Indicator(RSSI) measurements are converted into distance estimates using a simple radio wave propagation model, then extended Kalman filtering method (Paul and Wan 2009 ) is applied for computing position estimates from these distances. Similarly, in (Robinson and Psaromiligkos 2005 ) the distances are computed using a combination of maximum likelihood equations and a probabilistic signal propagation model. These are then fed to the nonlinear multilateration equations (Wang et al. 2009 ).
The second way, location estimation techniques consider RSS measurements directly as input. This approach can be termed as a power-based approach. The wireless indoor positioning system RADAR (Bahl and Padmanabhan 2000) provides a very good example for the power-based approach. Specifically, the location which has the minimum Euclidean distance between the measured signal strengths from three base stations and a previously recorded set of RSS measurements. In (Masuoka et al. 2010) , the node to be located measures the Received Signal Strength from beacons, the nodes whose position is already known. That position is chosen which best satisfies a specified criterion (e.g., largest signal strength). The proposed work is based on this technique.
For the estimation of the user's position, the Nearest Neighbors in Signal Space (NNSS) algorithm is used for computing the distance of signal space between the observed and recorded SS (Bahl and Padmanabhan 2000) . The nearest neighboring point will be considered as the user's position. The advantage of this approach is that it can reduce multipath problems (Sayed et al. 2005; Liu et al. 2007 ). The Root Mean Square Error (RMSE) (sometimes also referred to as the Root Mean Square Deviation, RMSD) is used as the distance measure (Bianchi et al. 2007 ). The RMSE serves to aggregate the magnitudes of the errors in predictions for various times into a single measure of predictive power. The reason of using this method in the app is the slight difference of the RSSI values obtained over time for the same position. So using this method we can find out the nearest position based on the RSSI values that gives the least RMSE. Although Euclidean distance can also be used for the same purpose but Euclidean distance is generally used to show the distance between two points whereas the RMSE is used to show the deviation between the two points. The application needs to calculate the deviation between the observed and recorded RSSI values. Therefore the RMSE value is more suitable for such calculations. The proposed work is a practical approach developed for tracking a person's movement in a known location. The android app also helps a person to locate himself in an indoor scenario and thereby navigate to his/her destination. The app generates a record file that contains the coordinates of the locations travelled by a person in the layout. The location estimation is done by measuring the RSS of Wi-Fi signal from the various AP's. It is basically a generic android application which can be installed on any mobile device and server. The app even allows a user to take any location with adequate AP's as the tracking background, build his/her own dataset and start the tracking process.
The rest of the paper is organized as follows: "Related work" section provides a glimpse of the literature review on the current existing location estimation techniques. "Proposed approach" section gives a detailed discussion on the proposed algorithm and the designed application layout. "Result and discussions" section provides the experimental results and the error estimates in various scenarios and analysis based on the results. "Conclusion" section finally concludes the research work with the scope of future work.
Related work
Given the insufficiency of the GPS systems, the use of RSS for tracking purpose is quite prevalent. A lot of work already has been done in this field. Toloza et al. (2014) has done much in this area by contributing in tracking by determining the position using the fingerprint algorithm. In the Fingerprint algorithm, first a radio map is blueprinted containing RSSI measurements for each AP under the coverage area of the MD. After all values have been obtained, the mode or average is calculated with the purpose of grouping the values, obtaining a strengths vector for each sampling point. These vectors are stored in the Fingerprint database. Thus the location of any device can be determined by comparing the strengths vector obtained against the vectors stored using the Euclidean distance. In (Chuenurajit et al. 2012) , the same work is done using a min-max estimation, while min-max estimation provides a high level of accuracy but the complexity of the algorithm is very high. The proposed architecture has used a more proper estimation technique of RMSE. There are various researches that have been carried out in this field such as (Wei et al. 2014 ) but they are mostly hardware based where the algorithms are compatible within the AP's but the proposed approach has overcome these issues by a more generic app which can be installed in any android mobile operating system and applied on any AP in any area.
Proposed approach

Experimental testbed
The experiment consists of two testbeds spread in an area of 1200 m 2 , both located in the C-block of ABV-IIITM. Testbed-1 is on the ground floor of the block whereas Testbed-2 is on the first floor of the block. Both the testbeds were fitted with maximum of 4 AP's, which may be functional or dis functional, according to the need. The AP's are evenly distributed as shown in Fig. 1 .
Data collection
The application requires a storage of Signal Strength (SS) from various locations onto its database. This data can be collected using the same app by physically going to various locations and choosing the "create new dataset" option in the application. By specifying a server address, the data is sent to that particular server which appends these values in a text file which can be named according to the user's preference.
Location tracking
After the dataset has been built, the user can move to any random position and press the "scan" button. It scans the Received signal strength at his/her location from various AP's. The scan gives a set of (SSID,RSS) pairs of values from the AP's which are in range of the device. The principle behind finding the coordinate inside a layout is to find out a set of RSS values which are most similar to the RSS values obtained during a scan for location estimation. This is done by finding the RMSE between the values obtained from scan and each tuple in the dataset. The value in the dataset which gives the least RMSE is said to be the one most similar to the value obtained in the scan. Thus we can use that corresponding coordinate value in the dataset, thereby estimating the position. The RMSE of a RSSI value with respect to the estimated RSSI value is defined as the square root of the mean squared error:
where S obs,i is the observed RSS and S model,i is the stored RSS at a location i. This is done with all the tuples and the tuple which gives the minimum value id chosen as the estimated location. If the estimated location is not satisfactory, the "improve result" button can be pressed and the new coordinates can be entered. Due to the dynamic nature of the dataset, this tuple will be appended. This increases the accuracy of location estimation.
Implementation
There are basically two options on the introduction screen of the app as shown in Fig. 2 :
Basically by choosing "Dataset" option, it is required to choose a layout, build and/or improve its dataset, using different grids sizes. It is supposedly for the core administrators. Whereas choosing the "Tracking" option allows to load the defined dataset and start calculating the location, basically for the end users.
After choosing the mode of usage, the second screen has input fields for the layout, grid size (only in case of dataset mode of usage) and server's ip address. There are basically four options for the layout:
-1: Loads the predefined layout of the testbed-1. -2: Loads the predefined layout of the testbed-2. -3: Allows to capture a live picture of the internal layout of any area and build a dataset (only in dataset mode of usage) or choose an already built dataset.
-4: Allows to choose the layout from already stored pictures on the phone and build its dataset (only in case of dataset mode of usage) or choose from the existing datasets.
The chosen layout is set as the background of the next screen. The chosen dataset is loaded onto the phone's memory, from the server using a simple php script. In case of "choose dataset" option, a new dataset is built on the server and loaded onto the phone's memory, using a simple php code.
The next screen has a button "scan" which scans the current RSSI values of all the AP's and compares them to the nearest values in the dataset using RMSE method and calculates the nearest position. In case of dataset mode of usage, an additional button is provided i.e. "improve" button. Given the dynamic nature of the environment, the RSSI values change and thus the dataset should be refined with more and more possible data tuples. Therefore the new improved coordinates can be entered in the alert box, after clicking on the button. The new coordinates get written on the dataset on both the server and the phone's memory, by running a simple php script on the server and in the app.
Proposed architecture
The schematic diagram of the proposed algorithm is shown in Figs. 3 and 4.
Result and discussions
For experimentation, the dataset for testbed-1 and testbed-2 has already been built and stored on the server. The dataset for testbed-1 had a total of 10,000 tuples whereas the dataset for testbed-2 had a fewer tuples (1500) compared to testbed-1. Both the testbeds were tested with 4, 3 and 2 AP's. All the AP's were evenly distributed across the area for more authentic RSS values for each and every point. Each point represents a 1×1 grid corresponding to a 1m×1m area of the testbed. Figure 5 provides the graphical result as shown by the app after the location has been tracked. Table 1 shows the RMSE between the estimated position and the actual position of the tracking with different number of AP's. The mobile device was moved in the whole area and the X and Y coordinate of the calculated position were compared with the X and Y coordinate of the actual position. Since the area of testbed was big, it is difficult to show each and every location coordinate tracking in the table. A combination of entries for depicting results effectively were taken to show the pattern and make the conclusions. The dominating entries having maximum error as well as minimum error have been shown such that the conclusions could be drawn in an unbiased manner.
Thus according to Table 1 we can infer the following:
1. The size of the dataset has a huge impact on the accuracy of tracking. Large number of tuples in the dataset results in more accurate location estimation. Thus the efficiency increases with increase in the number of tuples as shown in Fig. 6 . As experimented, the time taken by the to compute the location does not increase significantly. 2. The number of AP's plays a major role in the tracking process. The relation between the number of AP's and the accuracy is significant. The accuracy increases with an increase in the number of AP's but after a certain point, the accuracy stabilises itself even on increasing the AP's.This is well shown in Fig. 7 . Less number of AP's in an area will correspond to less number of RSSI values thereby low accuracy. This is shown in Fig. 7 (for 2 AP's). Whereas more number of AP's may result in phenomenon like masking. The mask effect occurs when one AP cannot be detected because its signal is covered by one or more of the other AP's. Thus there is a definite number of AP's required in a given area to accurately determine the location. Figure 8 shows the box plot of the standard deviation of the number of points accurately tracked for different number of AP's. The plot shows the mean of the combination of entries obtained after conducting multiple experiments. 3. Not only the number of AP's play an important role, but also the position of these AP's play a major role. The AP's must be distributed uniformly in the area. 4. The RSSI values are subjected to change due to various environmental factors leading to a decrease in the correctness of the model. Therefore the proposed approach provides a dynamic dataset which can be updated in constant intervals.
It is not enough to measure the performance of a positioning system only by its accuracy (Liu et al. 2007 ). The various other performance benchmarks used for observing the location system are complexity, robustness, scalability and cost. Since the application is a real time application, the computation time is minimal, despite of the large size of the database, due to the simplicity of the RMSE algorithm. High robustness requires the system to function normally even when some signals are not available or some signals are additional. The additional signals from the AP's which do not match with the AP's in the dataset are ignored from the calculations. Since the dataset is being built beforehand with the adequate amount of AP entries and can be updated in hand, missing AP's is not a problem. Thus the proposed algorithm accounts for robustness as well as scalability. Cost is the main merit of the proposed work. The application can be easily installed on any android operating system and no additional changes are required to be made on the existing infrastructure for the system to work.
Note:
-The SSID of the AP should not contain any white space. -The name of the dataset should be entered such that it already exists,otherwise a new dataset will be built at both the server as well the phone. -The resolution of the phone should be 480×854
pixels. -The app should be run on the mobile connected to a proxy free Internet. -The server should have a static ip (otherwise the mobile and the server must be in the same local area network). -The app requires a working Internet throughout the time it runs.
Conclusion
Since the outdoor tracking systems have become quite successful and have achieved quite a good accuracy, the indoor tracking systems are still battling to achieve high accuracy. One of the ways of indoor tracking is by using the RSS obtained from the AP's. The proposed approach is an initiative in this direction to track an indoor location based on the RSSI and RMSE concepts. A generic application has been developed, which can be installed on any android platform and operated by server located at any part of the world. It allows the user to upload a layout from anywhere and build his/her own dataset. The accuracy of the application is being tested by creating and comparing the dataset of two different areas with different conditions. The accuracy depends upon various factors like the number of tuples in the dataset, number of AP's, location of the AP's etc. Keeping in view the above points the accuracy of the position estimated is high in the proposed method compared to other methods. The app has been tested multiple times in a real time environment. Noticeably there was no significant impact of the moving objects on the observed tracked positions since the positions of the AP's remain fixed. The tracked position is slightly affected by the environmental factors and the error is in the permissible range. Interestingly one of the novelties of the application is its suitability for crowded enclosed environments.
The future work includes the increase of the accuracy of estimation by using a more precised error calculation tool.
Availability and requirements
-Project name: Indoor Location Tracker -Operating system(s): for server platform independent; for mobile devices : Android -Programming language: Java -Other requirements: Android development toolkit 22.3.0 -The toolkit contains eclipse 1.4.1, sdk -Software development kit, api level 19.
